Abnormalities related to the hydroxylation of phenylalanine to tyrosine are classified into three phenotypes based on the amount of dietary phenylalanine tolerated to keep serum phenylalanine within therapeutic levels,i.e., 180-425p.mol/l (3-7 mg/IOO ml): (I) Classical phenylketonuria (PKU) tolerating approximately 17% of a normal intake of phenylalanine or approximately 0.12 mmol per kg body weight; (2) mild PKU with a tolerance some 50% higher; and (3) persistent hyperphenylalaninaemia(HPA) with serum phenylalanine valueswithin therapeutic levelson a daily intake of ;;'0.7 mmol phenylalanine per kg body weight.
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Oral phenylalanine loading was performed on 100 heterozygotes for these abnormalities and 33 normal homozygotes. The slope of the rise in serum tyrosine multiplied by the maximum serum tyrosine concentration over the maximum phenylalanine concentration was the most powerful discriminant (Dis, 3.54; overlapping 2.4%). Three heterozygous phenotypes were distinguished by this discriminant, and a significant correlation was observed between the phenotypic combination of the parents and the phenotype of their affected child. In particular, parents of children with classical PKU were clearly distinguished from heterozygotes for the other two abnormalities.
Abnormalities related to the hydroxylation of phenylalanine to tyrosine may be classified into at least three forms (Scriver, 1967; Cohen, 1973) : (I) Classical phenylketonuria (PKU); (2) Variant hyperphenylalaninaemias, a mixed group including "mild" and "transient" PKU, where the decision and classification soon after birth may be difficult (Hsia, 1970; Blaskovics et al., 1974; Rosenberg and Scriver, 1974) ; (3) Persistent hyperphenylalaninaemia (HPA). The three forms of abnormalities have in common that a loading dose of phenylalanine fails to produce a significant rise in serum tyrosine (Guttler and Warn berg, 1972) .
Several investigations have established that early detection and treatment of infants with elevated blood phenylalanine is beneficial to intellectual development if the child suffers from PKU (cf. Wamberg, 1973; Rosenberg and Scriver, 1974) . Early treatment implies, however, that classical clinical features will not be observed. Thus, the correct diagnosis must be based on other criteria. The present investigation shows that children with PKU may be classified into two forms according to their dietary tolerance of phenylalanine: (I) Classical PKU, tolerating approximately 17% of a normal dietary intake of phenylalanine, and (2) mild PKU, tolerating an intake of phenylalanine 50 % larger than that of the classical form. The course of serum phenylalanine after a phenylalanine loading test dose also differs in these two forms. The various forms of PKU may be distinguished from HPA, the latter condition being defined as showing (a) serum phenylalanine within generally accepted therapeutic levels, i.e., 180-425 fLmol/1 (3-7 mg/IOO ml) on a normal dietary intake of phenylalanine (Guttier and Warn berg, 1977) , and (b) elimination of a loading test dose of 0.6 mmol phenylalanine per kg of body weight within 24 hours (Blaskovics, 1971; GUttier, 1971) . Of 339 335 neonates tested in Denmark by the Guthrie method during theyears 1971-75 the incidence of classical PKU, mild PKU, and HPA per 100()()() was 6, 3, and 5 respectively.
Several discriminants for distinguishing between heterozygotes for PKU and normal hornozygotes have been proposed (for a recent review, see Rampini et al., 1969) . In the present study the most powerful discriminant revealed three heterozygous phenotypes for phenylalanine hydroxylase deficiency. The phenotypic combination of parents could be correlated with the phenotype of their affected offspring, i.e., classical PKU, mild PKU, or HPA.
MATERIAL AND METHODS
The present study includes the children and their parents of 36 cases with either a positive Guthrie screening test (Guthrie and Susi, 1963) or a positive ferric chloride reaction followed at our institute up to the age of 3 years or more. Twenty-nine of these children were followed from their neonatal period of life. Included are also 35 heterozygotes for PKU or HPA either with affected children less than 2 years of age or with affected children treated at our institute from their late childhood. Thirty-three individuals (aged I~to 41 years) without a family history of PKU were included as normal homozygotes. The screening was usually performed at the age of 5 to 7 days. When a presumptive positive result was observed, the phenylalanine and tyrosine concentrations in confirmatory tests taken 4 to 15 days later were examined by f1uorimetric methods (see below).
Phenylalanine and tyrosine in serum were determined f1uorimetrically as described previously 124 (Giittler and Warn berg, 1972) . The accuracy of the phenylalanine assay was tested by comparing the values obtained by fluorimetry to column chromatography of 20 samples ranging from 95-665 /Lmol/I. The correlation coefficient was 0.93. The day-to-day reproducibility calculated from 37 pairs to duplicates run on separate days and expressed as coefficient of variation was 7.9%. The accuracy of the tyrosine assay was tested by comparing the values obtained by the fluorimetric method to the values obtained by column chromatography of 32 samples ranging from 62-118 /Lmol/1. The coefficient of correlation was 0.88. The day-to-day reproducibility determined as for the phenylalanine assay was 4.7% based on 24 pairs of dublicates. Serum standards with known amounts of phenylalanine and tyrosine were used in the fluorimetric assays in place of aqueous solutions of the amino acids. Phenylalanine and tyrosine in urine was determined on a Technicon AutoAnalyzer as previously described (Espersen and Paaby, 1971) .
For phenylalanine loading L-,B-phenylalanine (BDH Chemicals Ltd., Poole, England) was fully dissolved in 0.01 N HCI and the pure solution was given orally after an overnight fast in a dose of 0.6 mmol per kg body weight. Subjects to be loaded stayed overnight before the test and no meals or medicine were allowed from 6 p.m. before the loading and during the first four hours of the loading test. For females it should be on days when they were not taking contraceptives. The loading test was usually performed at 8 a.m. Blood samples were drawn at 1, 2, 3, 4, and 24 hours after the loading. In a few cases blood samples were also drawn at 15 min, 30 min, and 45 min after the loading. The person was asked to sit for 15 min before blood sampling. In cases where blood sampling was performed 15 min, 30 min, 45 min, and 60 min after the loading the person was lying down. It was decided before the test whether blood samples should be collected as capillary blood or by venous puncture. The serum was separated within 30 min and stored frozen until analysed. In all children showing elevated serum phenylalanine samples were also taken at 2,3,4,5,7, 14,21, and 28 days after loading. The urine was collected 24 hours before the load test, and from then on the urine was collected separately at intervals of 0--6 hours and 6-24 hours after loading. The urine was collected in bottles containing thymol. The protein was precipitated by sulphosalicylic acid and the supernatant fluid obtained after centrifugation at 1146 g for 20 min was frozen until analysed.
The phenylalanine tolerance was calculated once a week. The protein intake of a child was kept on 13~õ f the intake of calories and that part of protein tolerated as natural protein determined by the actual serum phenylalanine value. In Denmark it is recommended that the protein intake of children should be kept within 8-16% of the intake of calories, corresponding to approximately 0.6-1.2 mmol phenylalanine per kg of body weight.
Criteria for PKU were: (1) Serum phenylalanine within 180--425 /Lmol/I on a phenylalanine restricted diet (0.09--0.27 mmol per kg body weight per day);
(2) preloading levels of serum phenylalanine attained 48 hours or more after a load of 0.6 mmol Lphenylalanine per kg body weight. Criteria for classical versus mild PKU are discussed in the present paper. Criteria for HPA were: (1) Serum phenylalanine within therapeutic levels (180--425 /Lmol/I) on a normal dietary intake of phenylalanine (~O.7 mmol per kg body weight); (2) no significant rise in serum tyrosine within the first four hours after phenylalanine loading; (3) serum phenylalanine returning to preloading levels within 24 hours after a load of 0.6 mmol L-phenylalanine per kg body weight (GUttier and Wamberg, 1972) .
RESULTS

Phenylalanine tolerance
A longitudinal study of the dietary tolerance of phenylalanine of children with PKU revealed that two forms can be distinguished when the children are 2t years of age, i.e., classical PKU tolerating approximately 17 % of a normal dietary intake of phenylalanine and mild PKU with a tolerance some 50 % higher (Fig. 1 ). Cases of mild PKU and classical PKU were clearly distinguished if the phenylalanine tolerance at 3 years of age was related to the time required to eliminate a loading test dose of phenylalanine ( Fig. 2 ).
Phenylalanine loading of children with PKU and HPA
As previously described, a phenylalanine loading test dose of 0.6 mmol per kg body weight given orally to children with HPA fails to produce a significant rise in serum tyrosine (Gurtler and Wamberg, 1972) . However, the loading test dose is eliminated within 24 hours ( Fig. 3 ). Children with mild PKU eliminate the loading test dose within 4 to 5 days, whereas children with classical PKU usually use more than 5 days to eliminate the test dose ( Fig.  3 ).
Phenylalanine and tyrosine values of the newborns
A retrospective study showed lower figures of Guthrie screening of newborns who later appeared to have the mild form of PKU as compared with those who appeared to have the classical form (Table 1) (Table l) . Guthrie screening values as well as serum values of phenylalanine in confirmatory tests were significantly lower in babies with HPA as compared with children who appeared to have mild or classical PKU (Table I) . A better discrimination between mild and classical PKU was obtained when the phenylalanine-/tyrosine ratio calculated on basis of a confirmatory blood test was used ( Table I) . showed a significantly higher serum phenylalanine-/ tyrosine ratio as compared with cases of mild PKU might be due either to an excessive urinary excretion of phenylalanine in cases of mild PK U or to a slight production of tyrosine in these cases. The excretion of phenylalanine before and during loading with phenylalanine was not significantly different in the two forms of PKU (Table 2) . However, the excretion of tyrosine was significantly higher during as well as before phenylalanine loading of children with mild PKU as compared with classical PKU (Table 3) .
Phenylalanine and tyrosine values of heterozygotes
Rosenblatt and Scriver (I968) and Jackson et al. (I 971) showed that by the phenylalanine/tyrosine ratio of plasma of fasting or semifasting subjects PKU heterozygotes can be detected. The phenylalanine/tyrosine ratio of parents of children with
Oral phenylalanine loading
Completely dissolved L-phenylalanine (analytical grade) given orally in an amount of 0.6 mmol per kg body weight produces a significant rise in serum tyrosine within 15 min ( Fig. 4) . A linear increase in serum tyrosine is observed within the first 45 min after loading (Fig. 4) . The slope of the rectilinear part of the tyrosine curve (i.e., from 15 min to 30 min) after oral loading of 15 heterozygotes was significantly smaller as compared with the slope of the rectilinear part of the tyrosine curve observed within 30 min after four phenylalanine loading tests performed on normal homozygotes by the oral route (Fig. 4) . The maximum serum phenylalanine concentration is obtained within 60 min after loading ( Fig. 5 ). 150 800 criminatory power of the area under the tyrosine curve over the area under the phenylalanine curve within the first four hours after phenylalanine loading. The median value of the phenylalanine area/tyrosine area ratio of 81 heterozygotes was 0.081 (range 0.006-0.32) and of 33 normal homozygotes 0.36 (range 0.19--Q.74), P < 0.001, with an overlap of 10%. Finally we constructed a discriminant which combines the rate of tyrosine formation in p.moles per litre of serum per hour (btyr, Fig. 5 ) with the maximum value of serum tyrosine (tyrm) over the maximum value of serum phenylalanine (phem) attained following phenylalanine loading ( Fig. 5 ), according to the formula, btyr (tyrm/phem). The median value of this discriminator of 81 heterozygotes for PK U was 2.9 (range 0.1-11.8) and of 33 normal homozygotes 18.4 (range 9.3-60.8), P < 0.00\, with an overlap of 2.4 %. The distribution of the individual values of ten times the logarithm to this discriminant is shown in Fig. 6 . The discriminatory power D/saccording to Penrose (1951) of the discriminator btyr (tyrm/phem) was 3.54. Four successive phenylalanine loading tests of the same person showed btyr (tyrm/phem) values of 8. 26, 8.82, 9.29, and 11.0 . Four heterozygotes were loaded twice. The coefficient of variation was 5.0%,5.3%,5.7%, and 11.4% respectively. 
Discriminants based on phenylalanine loading
In order to improve the test for heterozygosity various discriminants based on phenylalanine loading tests were examined. Hsia et al. (1956) first demonstrated a decreased ability to metabolise an ! oral load of t-phenylalanine in heterozygotes for PKU. Thus, the discriminatory power of the rate of elimination of a phenylalanine loading test dose wasẽ xamined. A study of the excretion of phenylalanine a during phenylalanine loading, however, revealed an undesirable variable. It appeared, that normal homozygotes excrete as much phenylalanine within the first six hours after loading as during the 24 hours before loading (Table 2) . Jervis (1960) reported a complete separation between heterozygotes and normal homozygotes on basis of plasma tyrosine after phenylalanine loading. So, we examined the rise in serum tyrosine after phenylalanine loading. The median rate of tyrosine formation expressed as p.moles tyrosine formed per litre of serum per hour (btyr. Fig. 5 ) was 17.7 p.mol/I/h of 81 heterozygotes for PKU (range 6.0-52.0) and 62.0 p.mol/l/h (range 42.3-134) of 33 normal homozygotes, P < 0.001, with an overlap of 9%. In order to improve this test for heterozygosity we examined the dis- 
Phenotypic combination of parents related to the phenotype of their affected offspring
The distribution of the discriminator b\yr (tyrm/ phem) of heterozygotes is not gaussian or symmetrical ( Fig. 6 ). However, there is some indication of a heterogeneous population of heterozygous phenotypes (cf, Rosenblatt and Scriver, 1968; Jackson et al., 1971) . If subpopulations of heterozygotes exist their affected homozygotes might express different phenotypes, e.g., classical PKU, mild PKU, or HPA. In 34 families their 36 affected children were followed up at our institute for three years or more and the diagnosis was established according tothe criteria described above. The parents of these children were loaded with phenylalanine and the discriminant value obtained was considered to reflect the phenotype of the heterozygote. Three families had to be omitted either because one of the parents was not available or because the test was unsuccesful, e.g., the maximum serum phenylalanine value was not obtained within 60 min after loading or the mother was taking oral contraceptives. The distribution of the discriminant values of the parents of the 31 families is shown in Fig. 7 . The distribution of the values of parents of children with classical PKU is fairly symmetrical with a peak at I to 2 (Fig.  7) , corresponding to 1.1 to 1.3 in Fig. 6 . The distribution of the discriminant of parents of children with mild PKU (Fig. 7 , families a to i) and parents of children with HPA ( Fig. 7 , families 1 to 9) suggests a biphasic distribution with a primary peak at 3 to 4 and a secondary peak at 6 to 8 (Fig. 7) , corresponding to 1.5 to 1.6 and 1.8 to 1.9 in Fig. 6 . The mean coefficient of variation of replicate loading tests on five individuals was 7.5 %. The differences in the discriminant values between replicate loadings of the same individuals were 0.31 to 0.40 in the range of 2.42 to 7.83. Thus, it seems unlikely that the heterogeneous distribution of the discriminant values of heterozygotes might be due to mere chance. The heterozygotes were divided into three groups according to their discriminant value, 0-2, > 2-6, and> 6 respectively, and the phenotypic combination of parents was compared with the phenotype of their affected offspring. Neither parent in families with PKU showed discriminant values above 6, whereas this phenotype was observed in six of nine families with mild PKU (p < O.OI)and in seven of nine families with HPA (p < 0.01) (Table 4 ). In none of nine families with HPA did the parents show discriminant values below 2, whereas this phenotype was observed in four of nine families with mild PKU (p < 0.05) (Table 5 ). Four families with two affected children were followed up at our institute. One family with two cases of classical PKU, one family with two cases of mild PKU, and two families with two children with HPA. Up till now no families have been observed with affected children of two different phenotypes. It should be emphasised that whereas the phenylalanine tolerance in HPA is nearly normal within a few months after birth (Gurtler and Wamberg, 1977) the differential diagnosis between the classical and the mild form of PKU needs weekly estimations of the dietary phenylalanine tolerance for a longer period of time (cf. Fig. 1 ). Variables such as fever, growth rate, physical activity, and the time elapsed since the last intake of a phenylalanine-free protein hydrolysate may influence the actual value of blood phenylalanine (Giittler et al., 1969) . Whereas classical PKU and persistent HPA today may be characterised as well-defined clinical, biochemical, and genetic entities (cf. Levy et al., 1971; Friedman et al., 1972; Rosenberg and Scriver, 1974; Giittler and Warnberg, 1977) , the children classified in the present study as having mild PKU in all probability include a number of different genetic and biochemical entities, e.g., PKU "mild" variant with relaxed phenylalanine tolerance (Rosenberg and Scriver, 1974) ; atypical phenylketonuria (Woolf et al., 1961; Yu et al., 1970) ; persistent hyperphenylalaninaemia "severe" type (Kennedy et al., 1967) ; hyperphenylalaninaemia with "high" phenylalanine levels (cf. Hsia, 1970) ; phenylalaninaemia, types II to IV (Blaskovics et al., 1974) .
Although it is generally accepted that untreated patients with classical PKU are almost always mentally retarded, little is known about the natural history of patients with mild PKU. As a group these children have developed normally with the institution of early treatment (cf. Yu et al., 1970; Rosenberg and Scriver, 1974) , and mentally retarded subjects with atypical PKU have been described (Bickel and Gruter, 1957; Justice et al., 1967) . Three children treated at our institute were discovered to have PKU at the age of 10 months, I year, and 3 years respectively. These children appeared to have the mild form of PKU as their dietary phenylalanine tolerance is 50 % higher than that of children with classical PKU. Their IQs (Cattell) at three years of age were 104, 50, and 80 respectively. The median IQ at the age of three years of 12 early treated children with mild PKU was 109 (range 90-125). A retrospective study of the serum phenylalanine levels of 72 institutionalised, mentally retarded, untreated patients with PKU revealed 4 patients with fasting serum phenylalanine levels in three successive specimens below 910 fLmol/l (15 mg/1oo ml) (to be published). As persons with atypical PKU and normal intelligence undoubtedly exist in the population (cf. Hsia et al., 1963) it seems probable that dietary treatment is necessary for some but not for others. For the moment we believe that we must treat all children appearing to have the mild form of PKU, as we do not know who will benefit from and who could be spared dietary therapy. The mechanism for the increased phenylalanine tolerance in mild PKU has not been identified. Phenylalanine hydroxylase deficiency is present (Justice et al., 1967) . Excessive urinary excretion of phenylalanine has not been observed (Rosenberg and Scriver, 1974; the present paper) . The observation of a significantly higher urinary excretion of tyrosine in children with mild PKU as compared with that of children with classical PKU needs furthern ivestigation. The elevated serum tyrosine during phenylalanine loading of normal hcmozygotes is not accompanied by an increase in the urinary excretion of tyrosine (cf. Table 3 ).
A number of investigators have attempted to establish a reliable test for heterozygosity for PKU (cf. Hsia et al., 1956; Hsia, 1958; Knox and Messinger, 1958; Wang et al., 1961; Perry et al., 1967; Woolf et al., 1967; Rosenblatt and Scriver, 1968; Rampini et al., 1969; Jackson et al., 1971; Kaariainen and Karlsson, 1973; Griffin and Elsas, 1975) . Fasting values of phenylalanine or the ratio of phenylalanine to tyrosine have been compared with the discriminatory power of intravenous or oral phenylalanine loading test. Several methods have been used to reduce the error of classification, including increased precision of assay, multiple determinations, combinations of data, and treatment of the data by the method of discriminant functions (for an excellent review, see Westwood and Raine, 1973) . In the investigations mentioned above the discriminatory power of Penrose (1951) ranged from 2.5 to 4.8 with classification errors of 0.8-10.0% (cf. Rampini et al., 1969; Kaariainen and Karlsson, 1973) . The discordances among the many studies performed to give the most powerful discriminations between heterozygotes and normal homozygotes led Wang et al. (1961) to the conclusion that "the best procedure is for each investigator to determine the discriminant which minimizes misclassification in his material".
As the ratio of fasting values of phenylalanine to tyrosine was found to be useless in the present study oral phenylalanine loading tests were performed under rigidly controlled conditions in order to detect genetic differences. Among the many variables that theoretically might account for the shape of the phenylalanine and the tyrosine curves following a load of phenylalanine is the absorption of Lphenylalanine (cf. Goodwin, 1964) . Preliminary investigations showed that the maximum serum phenylalanine concentration is obtained within 60 min after a loading test dose of 0.6 mmol fully dissolved L-phenylalanine (analytical grade) per kg body weight. The following discriminators were examined: the rate of phenylalanine elimination, the rate of tyrosine formation, and the area under the tyrosine curve over the area under the phenylalanine curve. The best discriminant was the slope of the rise in serum tyrosine multiplied by the maximum serum tyrosine concentration over the maximum serum phenylalanine concentration. As observed in a number 0 f investigations, the first or second hour phenylalanine value following oral phenylalanine loading is significantly higher in heterozygotes for PKU as compared with normal homozygotes (cf. Guttier and Wamberg, 1972; Westwood and Raine, 1973) . The present observation that the slope of the rectilinear part of the tyrosine curve within 30 min after oral phenylalanine loading was significantly smaller in heterozygotes for PKU as compared with that of normal homozygotes (cf. Fig. 4 ) may explain the differences in the first or second hour values of serum phenylalanine of loaded heterozygotes as compared with normal homozygotes. Thus, the first hour serum phenylalanine value may reflect the rate of conversion of phenylalanine to tyrosine. A simple explanation would be that heterozygotes have less phenylalanine hydroxylase in their liver cells than normal homozygotes. However, an impaired transport of phenylalanine into the liver cells of heterozygotes may also be considered (Woolf et al., 1967) .
The distribution of the discriminant described above revealed a heterogeneous population of heterozygotes with some indication of three peaks. A heterogeneous distribution of discriminant scores for PKU heterozygotes has been observed by Wang et al. (1961) , Rosenblatt and Scriver (1968 ), Jackson et al. (1971 ), and Kaariainen and Karlsson (1973 . Taken together these observations may suggest heterogeneity in the genetic control of the metabolism of phenylalanine to tyrosine (cf. Wang et al., 1961; Rosenblatt and Scriver, 1968) . If three heterozygous phenotypes can be distinguished it might be possible to correlate the combination of the different phenotypes of parents with the phenotype of their affected offspring. This hypothesis is illustrated in Table 6 . The heterozygotes are divided into three groups according to their discriminant value, 0-2, > 2-6, and > 6 respectively and the phenotypes of the homozygous offspring of the nine possible combinations of heterozygotes are proposed. One consequence of the proposed hypothesis would be that neither parent of children with classical PKU would show discriminant values above 6, whereas one parent of children with mild PKU or HPA would have a discriminant value above 6 (cf. Table 6 ). The figures shown in Table 4 do not justify rejection of this inference. Another consequence of the hypothesis illustrated in Table 6 would be that one parent in a family with mild PKU as well as parents in families with HPA would have discriminant values above 6. As shown in Table 4 this inference can not be rejected, as these two populations of parents are not significantly different when compared with regard to the discriminant value 6, P> 0.1, X 2 0.28. A third consequence of the hypothesis illustrated in Table 6 would be that one parent in a family with mild PKU would have a discriminant value below 2, whereas this should not be observed in families with HPA. As shown in Table 5 none of nine families with children with HPA showed parents with discriminant values below 2, in contrast to four of nine families with mild PKU, P < 0.05, X 2 5.4.
Studies by Berman et al. (1969) , , and Kang et al. (1970) revealed no differences in the phenotypes of heterozygotes for PKU and heterozygotes for the variants ofPKU. One explanation for the discrepancy between these observations and the observation of Rosenblatt and Scriver (1968), Jackson et al. (1971) , and the present study may be that different diagnostic criteria have been used. In the studies of Berman et al. (1969 ), and Kang et al. (1970 patients with classical PKU were characterised by a maximum blood phenylalanine level of 20 mg/l00 ml or higher, and the variants of PKU as patients in whom the maximum blood phenylalanine level has been less than 19.9 mg/l00 m!.
The present finding of a correlation between the phenotypic combination of parents and the phenotype of their affected offspring may suggest genetic polymorphism in PKU. The genetic basis for the various phenotypes of abnormalities related to the metabolism of phenylalanine to tyrosine has been outlined by Hsia (1970) . Multiple alleles at the phenylalanine hydroxylase locus or a major modifier are the most convincing possibilities (cr. Hsia, 1970) . Recent biochemical and immunochemical studies have revealed that phenylalanine hydroxylase is deficient in classical PKU and that the phenylalanine hydroxylase in the liver specimens of the cases of HPA studied is a structurally altered enzyme corn-pared with the hydroxylase of normal liver (cf. Friedman et al., 1972) . These findings suggest two different genotypes. Kinetic analysis of intravenous loading tests has indicated that there may be at least four different alleles at the phenylalanine hydroxylase locus (Woolf et al., 1967) . These four alleles would lead to individuals of 10 different genotypes including three genotypically different heterozygotes and six genotypically different forms of hyperphenylalaninemia (Woolf, 1971) . The recent observation of three immunologically distinct isoenzymes of phenylalanine hydroxylase in the rat may suggest three separate loci coding for the phenylalanine hydroxylase isoenzymes (Tourian et al., 1975) . However, isoenzymes coded for by a single allele have been observed in studies of allelic variants of phosphoglucomutase (Harris, 1975) .
Studies of the phenotypes of siblings and grandparents in families with classical PKU, mild PKU, or HPA as well as studies of the frequency in the population of the different heterozygous phenotypes are in progress in order to elucidate the genetic basis of the apparent polymorphism in disorders related to the metabolism of phenylalanine to tyrosine. 
Effect of Stopping the Low Phenylalanine
Institute of Child Health, Guilford Street, London weI
In 1967-68 patients with phenylketonuria who were being treated with a low phenylalanine diet at the Hospital for Sick Children, London, and who were 8 years old or more, were placed on a free diet. An improvement in their emotional well-being and a lessening of family stress was reported by Bentovim (1968) , and during the first six months after cessation of the diet intelligence quotients (I.Q.s) remained stable. Since 1968 the diet has been stopped in an children reaching 8 years of age (Smith and Wolff, 1974) , and 49 children have been followed up for two years or more since stopping the diet. This study compares the last I.Q. determined while the patients were stilI receiving the low phenylalanine diet with the first I.Q. on the free diet.
The mean interval between stopping the diet and the first I.Q. on the free diet was 3.4 years. Seventeen cases had been diagnosed by screening in the neonatal period and had started treatment at a mean of 1.29 (range 0.1 to 4 months). All attend ordinary schools. The mean of their last I.Q.s on diet was 95.35 (± 14.04) and the mean of their first I.Q.s on the free diet was 89.06 (± 16.38) . Thirty-two cases had presented because of developmental delay. Five of these were so retarded that meaningful I.Q.s were not obtained (I.Q.s < 44), and they are omitted from the analysis. The mean age of starting treatment of the remaining 27 was 26.78 (range 5 to 60 months); 7 of these attend ordinary schools. The mean of the last I.Q.s obtained while on the diet was 70.11 (± 15.74) , and the mean of the first I.Q.s off diet was 64.44 (± 14.49) . Both groups showed a drop in their mean I.Q. of approximately six points; these changes do not reach the 5 %level of significance.
Sixteen cases (six early treated, 10 late treated) showed a fall in I.Q. of over 10 points, while only two cases, both early treated, showed a comparable rise. In the absence of a control group, in which the low phenylalanine diet is continued beyond the age of 8 years, these findings are difficult to interpret. Nevertheless we have altered our policy of stopping diet at 8 years. The diet is now relaxed rather than stopped at 8 to maintain phenylalanine levels between 15 and 20 mg/loo ml. It is hoped that this will provide a useful group for comparison with the original series.
